collateral vessels [4] [5] [6] [7] . The delivery of various angiogenic growth factors has been focussed to produce therapeutic vascularization and achieve biological bypass to the occluded blood vessel [4, 5, 8, 9] . The most commonly used approach is direct injection of naked DNA, non-viral vector coupled DNA or viral vector transgene delivery encoding for the angiogenic growth factor of interest [4, [8] [9] [10] [11] [12] [13] .
The use of naked DNA is limited by low-level transfection as well as expression efficiencies. Although viral vectors demonstrate higher transduction efficiency of therapeutic genes [4, [8] [9] , their clinical application has been delimited by multiple undesired effects such as immunogenicity and oncogenic [14] . Moreover, viral vectors cause inflammatory reactions, formation of anti-adenoviral antibodies, transient fever and increase of liver enzymes [15] [16] [17] .
The use of non-viral vectors is safer and improve cellular uptake of transgene without viral vector related concerns [12, 13, 18] . We have already reported the efficacy of polyethylenimine-25 mediated vascular endothelial growth factor-165 (VEGF165) gene transfer into human skeletal myoblasts (SkMs), which were subsequently used for the treatment of myocardial infarction [18] .
Here, we report the efficacy of CD liposome mediated VEGF165 for treatment of ischaemic limb disease using rabbit model. The study has been carried out to synthesize CD liposomes and optimise the transfection of VEGF165 gene into rabbit SkM with minimum cytotoxic effects. The genetically modified cells were used for treatment of rabbit ischaemic limb. We anticipate that non-viral vector-based cell-mediated VEGF165 delivery approach will concomitantly achieve angiogenesis and myogenesis.

Materials and methods
Preparation of liposome and lipoplexes with plasmid carrying enhanced green fluorescent protein (pEGFP)
The CD liposomes were prepared by mixing Chol (Sigma, St. Louis, MO, USA) and DOTAP (Roche, Mannheim, Germany) with ratio at 1: 4 (weight/weight: W/W) [12] . The CD liposomes complex with DNA (lipoplex) was prepared as described earlier [12] . Briefly 
Characterization of CD lipoplexes
The lipoplexes were characterized in vitro [12] . The particle size and the residual surface charge (-potential) 
Rabbit SkM isolation and culture
Rabbit SkMs were isolated from the hind limbs (gracilis and semi-membranosus muscles) of adult New Zealand White female rabbits [4] . Briefly, the site of skeletal muscle biopsy was stimulated with intramuscular injection of a mixture of ketamine (100 mg/ml) and xylazine (20 mg/ml) 
Optimization of SkMs transfection with CD lipoplexes
The highest transfection efficiency was achieved when the ratio between Chol and DOTAP (W/W) was at 1:4 [12] . The ratios (W/W) between CD liposome and pEGFP (2 g) was first increased from 6:1 to 15:1. Next, the amount of pEGFP DNA was increased from 2 to 5 g using the optimal ratio between CD liposome and pEGFP. The CD lipoplexes were developed as described above and added into culture medium for transfection with trypsinized SkM for 24 hrs at 37ЊC in incubator. 
Transfection efficiency and cell viability
Characterization of SkMs with CD-pVEGF 165
A plasmid (4.75 Kb) containing human VEGF165 (pVEGF165) was used [12, 18] [12, 18] . 
Cell labelling
Experimental animals
All animals were maintained by Animal Holding Unit of National University of Singapore (NUS). All animal procedures were approved by the Institutional Animal Care and Use Committee (IACUC), NUS. Hind limb ischaemia was produced in 47 New Zealand White rabbits (2.5-3 kg body weight) by permanent ligation of femoral artery [4]. Briefly, the superficial and deep femoral arteries and internal iliac artery of the right hind limb were exposed and ligated from the inguinal ligament through a longitudinal incision to a point just proximal to the patella with the animal under anaesthesia. Multiple ligatures of the artery beginning from the inguinal ligament down to the point where it bifurcates into the popliteal and saphenous arteries were closed with 4-0 polypropylene (Prolene)
sutures [4] . Wounds [18] . Skeletal muscle samples at 1 week were used to detect VEGF expression from the transplanted cells [18] . 
Blood vessel density quantification
Regional blood flow study
Rabbit harvested at 6 weeks (n ϭ 6 animal each group) after treatment received fluorescent microsphere injection to assess regional blood flow in the ischaemic limb [18, 19] 
Results
Characterization of lipoplexes
VEGF165 DNA lipoplexes were micro-spheres with average diameter between 50 and 120 nm when the ratio of CD: DNA at 9:1 (Fig. 1A) . The average particle size and -potential of lipoplexes showed concentration dependence: larger particle size and higher -potential at higher CD:DNA ratio (Fig. 1B and C) . CD liposome protected the encapsulated DNA from degradation for more than 120 min., while the naked DNA was fully degraded after 30 min. by DNase-I (Fig. 1D) .
Optimization of CD-pEGFP transfection with SkMs
SkMs were about 80% pure for desmin expression ( Fig. 2A-C) . This was further confirmed by FACS for desmin expression ( Fig. 2D and E (Fig. 2G) . Thus, the optimal transfection conditions using CD liposome were CD: DNA ratio of 9:1 with 3 g plasmid DNA/1ϫ10 5 on trypsinized SkMs and were used throughout the study.
Characterization of CD-pVEGF 165 transfected SkM
Immunostaining revealed VEGF165 expressing SkM in vitro (Fig. 3A) . (Fig. 3C) .
Fate of the transplanted SkMs
The labelling efficiency for DAPI was almost 100%, while it was 50% for BrdU ( Fig. 4A and B (Fig. 4G-I) . The transplanted CD-pVEGF165 transfected SkMs expressed VEGF165 for at least 1 week in vivo (Fig. 4J-L) . (Fig. 5C, F, I and L). 
Evidence for angiogenesis
Regional blood flow
5M). Group 3 receiving CD-pVEGF-SkMs transplantation had better-improved perfusion than that of group 2 (P Ͻ 0.001).
Angiographic assessment
Ten days after femoral artery ligation, angiographic assessment revealed occlusion of the ligated blood vessels (Fig. 6A-F [21, 22] . In our previous study, we found that combination of Chol with DOTAP provided better transfection efficiency as compared with DOTAP as alone [12] . Thus, we chose to combine Chol with DOTAP as composition of the liposome and optimized the transfection procedure. The lipid size is influenced by lipid DNA ratio, and the amount of plasmid DNA [22] [23] [24] [12] . This is due to the fact that CD lipoplexes can only translocate plasmid DNA into nuclei predominantly during the S/G2 phase of the cell cycle [25] .
Discussion
This study demonstrates the feasibility of SkM transfected with CD-pVEGF165 lipoplexes as an alternative treatment option for acute ischaemic limb disease. Using nanosized lipoplex technology, gene transfection efficiency was reached up to 16%, which is significant keeping in mind the notoriety of non-viral vectors for poor transfection efficiency. Transplantation of CD-pVEGF165 transfected SkMs increased neovascularization, improved regional blood flow and angiographic score in rabbit model of ischaemic limb disease. One of the obstacles to ex vivo non-viral vector-mediated gene transfer of primary SkM is that the transfection efficiency is typically very low for non-viral vectors. One of the main impediments to the efficiency of liposome-mediated gene transfection is liposome composition
The -potential, the residual charge on the particles, is preferred to be higher to achieve higher transfection efficiency. Our previous study showed that values as low as 26.17 [14] [15] [16] . Besides, long-term expression of the VEGF may result in deleterious effects, such as haemangioma formation [27] .
It has been shown that VEGF has cytoprotective effects on the ischaemic muscle [18] . VEGF [19, 28, 29] . Compared with transplantation of CD34 ϩ mononuclear cells [30] or hydrogels containing growth factors [31] 
